REMARKS 



The August 4, 2009 Official Action has been carefully considered. In view of the 
amendment presented herewith and the following remarks, favorable reconsideration and 
allowance of this application are respectfully requested. 

At tiie outset, it is noted that a shortened statutory response period of three (3) months 
was set in the August 4, 2009 Official Action. The initial due date for response, therefore, was 
November 4, 2009. A petition for a one (1) month extension of the response period is presented 
witii this amendment and request for reconsideration, which is being filed within the one (1) 
month extension period. 

It is also noted that preliminarily that the restriction requirement set forth in the preceding 
Official Action has been repeated and made final. Applicants once again respectfully submit that 
this requirement is improper for the reasons presented in response to the preceding Official 
Action. Furthermore, applicants reiterate that the election of tiie subject matter of claims 44 and 
46-48 for examination in this application is without prejudice to their right to file one or more 
continuing applications, as provided under 35 USC §121, on the subject matter of the non- 
elected claims. 

In the August 4, 2009 Official Action, claims 44 and 46-48 have been objected to as 
being dependent on withdrawn claim 1 . 

Turning to the substantive aspects of the August 4 Official Action, claims 44 and 46-48 
stand rejected under 35 USC §112, second paragraph, for allegedly failing to particularly point 
out and distinctly claim the subject matter regarded as the invention. Specifically, the 
polyethylenimine formula is deemed indefinite based on the lack of a positive charge shown in 
association with the quaternary nitrogens, an alleged lack of clarity as to what the proportions of 
each subunit in a species of the polymer genus should be and the characterization of hydrogen as 
"hydrophobic" in the definition of the "Z" substituent. Claim 44 is considered indefinite 
because, according to the examiner, it is unclear whether (i) the claim requires the further 
addition of a pharmaceutically acceptable carrier and (ii) the recitation following the words "may 
represent" is required. Claims 47 and 48 are considered indefinite due to the wording "such as" 
which appears in each claun. 
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Claims 44 and 46-48 have been further rejected under 35 USC § 103(a) as allegedly 
unpatentable over D. Wang, Biomacromolecules, 3: 1 197-1207 (2002) (hereinafter "the Wang 
publication"), considered in view of U.S. Patent 4,528,184 to Kurono et al. (hereinafter "Kurono 
'184") and U.S. Patent Application Publication No. 2001/0014354 of Yokoyama et al. 
(hereinafter "Yokoyama '354"). 

The Wang publication is cited for its disclosure of branched poly(ethyleneimine)- 
cholesterol (PEI-Chol) water-soluble, lipopolymers which are described as suitable for gene 
delivery, having the possibility of efficient endosomal release. 

Kurono ' 184 is relied on for its disclosure of polymer-metal complexes containing 
quaternary nitrogen atoms and their use as a pharmaceutical product. 

Yokoyama '354 relates to a drug-polymer micelle composition and process for its 
production. According to the disclosure of Yokoyama '354, tiie process described therein 
produces drug-polymeric micelle compositions comprising water-scarcely soluble drugs, 
including carcinostatic agents such as adrimacyn, paclitaxel, docetaxel and the like. 

Based on the disclosures of the above-mentioned references, the examiner contends, at 
page 9 of the August 4 Official Action, that it would have been prima facie obvious to one of 
ordinary skill in the art at the time the claimed invention was made to combine Yokoyama '354 
and Kurono ' 1 84 with the Wang publication and produce the instantly claimed invention because 
the poorly soluble drugs taught by Yokoyama '354 would allegedly have been suitable for the 
gene delivery micellar composition of the Wang publication and tiie mcreased charge of the 
nitrogen atoms in the PEI-type polymers of the Wang publication would have increased the 
interaction with the poorly water soluble drug, providing an increased loading of the drug into 
the micelle. The examiner fiirther asserts in this regard that the charges of the quaternary 
nitrogen atoms would have allowed the formation of potentially more stable and/or efficacious 
salts of poorly soluble drugs. 

The foregoing objection and rejections constitute all of tiie groxmds set forth in the 
August 4, 2009 Official Action for refusing the present application. 

In accordance with the present amendment, new claims 49-56 are presented for 
consideration. New claims 49, 52 and 54 correspond substantially to original claims 46 (as well 
as 47), 44 and 48, respectively. Claim 49 also finds support m Figure 1. Claim 53 finds support 
at page 9, lines 37 and 38 of the present specification. New claims 50-52 are supported at page 
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3, lines 33-37 of the present specification, whereas new claims 55 and 56 claim subject matter set 
forth originally in claim 48. 

No new matter has been introduced into this application by reason of the present 
amendment, entry of which is respectfully requested. 

As a result of the foregoing amendment, the above-noted objection and the 35 USC §112, 
second paragraph, rejection of claims 44 and 46-48 are believed to be overcome. As to the latter, 
any indefiniteness or lack of clarity that may have been engendered by the original wording of 
claims 44 and 46-48 has now been eliminated. In tiiis connection, the assertion that the a, p and 
Y subunits of the claimed polyethylenimine lack clarity is unfounded. The scope of each subunit 
is plainly stated in claim 49, along with the recitation that "a+p-Hy=100%". Although the claim 
recitation in question may be broad, it is certainly not indefinite. It is also noteworthy with 
respect to this rejection that the claim language in question is recited in the allowed claims of 
European Patent 1,543,063 Bl (copy attached), which was granted on applicants' corresponding 
European patent application. 

Thus, the only matter remaining to be addressed is the rejection of claims 44 and 46-48 
for alleged obviousness based on the combined disclosures of the Wang publication, Kurono 
'184 and Yokoyama '354, as set forth in the August 4, 2009 Official Action. For the reasons 
given below, the last-mentioned ground of rejection is respectfiilly traversed. 

A. The Impropriety of the 35 USC §103(a) Rejection of Claims 
44 and 46-48 as Allegedly Unpatentable Over the Combined 
Disclosures of the Wang Publication, Kurono '184 and 
Yokovama '354 

It is well-settled that the examiner has the initial burden of establishing a prima facie case 
of obviousness under 35 USC §103. Ex parte Walters, 214 USPQ 735 (Bd. Apps. 1979). 
Furthermore, when a new composition is alleged to be obvious based on a combination of prior 
art references, there must be an apparent reason to modify compositions of the prior art in the 
fashion set forth in the claims in question. Ex parte Whalen, 89 USPQ2d 2008 (BPAI 2008), 
citing KSR International Co. v. Teleflex, Inc., 82 USPQ2d 1385 (2007). 

In the present case, the 35 USC § 1 03(a) rejection of claims 44 and 46-48 based on the 
combined disclosures of the Wang publication, Kurono '184 and Yokoyama '354 is improper 
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because it clearly lacks the rational basis required to support the legal conclusion that the 
pharmaceutical drug delivery composition of the rejected claims would have been prima facie 
obvious. 

Applicants' invention relates to novel polyethylenimine (PEI) polymers having 
hydrophobic and hydrophilic substituents that make the polymer effective for delivering poorly 
soluble drugs. The invention cannot reasonably be considered prima facie obvious over the 
combination of the Wang publication, Kurono ' 1 84 and Yokoyama '354, as none of these 
references disclose or suggest a polyetiiyleneimine polymer which has the arrangement of 
subunits called for in the formula of claim 44 (now incorporated in claim 49) and which 
possesses solubilizing and absorption enhancing properties, thereby facilitating delivery of 
poorly soluble drugs. 

It is conceded, at page 8 of the August 4, 2009 Official Action, that the disclosure of the 
Wang publication is deficient as it lacks any teaching of the presence of quaternary nitrogens in 
the PEI-Chol lipopolymers described tiierein, or the use of such lipopolymers for the delivery of 
poorly water soluble drugs. These are not simply "deficiencies", as intimated by the examiner, 
but constitute a teaching away from the present invention. Indeed, the PEI-Chol lipopolymers 
described in the Wang publication have nothing at all to do with the delivery of drugs that are 
poorly soluble in aqueous solutions, as called for in original claim 47 and in the presentiy 
amended claims. On the contrary, plasmid DNA, which the PEI-Chol lipopolymers of the Wang 
publication are designed to deliver, is a highly charged molecule and thus completely soluble in 
aqueous solutions. Thus, viewed objectively, the artisan of ordinary skill would not consider the 
disclosure of the Wang publication, relating to the delivery of highly charged, water-soluble 
plasmid DNA by means of PEI-Chol lipopolymers, as being of any assistance when the objective 
sought is a delivery system for drugs that are poorly soluble in aqueous solvents. 

In view of the admitted deficiencies in the disclosure of the Wang publication, it is 
incumbent upon the examiner, in order to meet the PTO's burden of proof under § 103, to cite 
additional prior art that not only discloses the elements that are conceded to be missing fix)m the 
Wang publication, but also provides a plausible reason that would motivate one of ordinary skill 
in the art to modify the composition of Wang et al. to include such missing elements and thus 
arrive at the claimed invention. The examiner's reliance on Yokoyama '354 and Kurono ' 184 as 
allegedly providing such teachings is plainly misplaced. 
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The examiner's assessment of the general teaching of Yokoyama '354 appears to be 
accurate as far as it goes. The examiner fails to mention, however, that there is no teaching or 
suggestion in Yokoyama '354 regarding the use of polyethylenimine polymers of any kind in 
producing the polymeric micelle compositions disclosed therein. 

It is settled law that the disclosure of a broad chemical genus, such as that in Yokoyama 
'354, does not render obvious any species that happens to fall within it. In re Jones, 21 USPQ 
1941, 1943 (Fed. Cir. 1992). Moreover, silence in a reference is not a proper substitute for the 
adequate disclosure of facts from which a conclusion of obviousness may justifiably follow. In 
re Burt, 148 USPQ 548 (CCPA 1996). Simply stated, the disclosures of the Wang publication 
and Yokoyama '354, considered together, provide no reason to incorporate the "water-scarcely 
soluble drug" of the latter in the PEI-Chol lipopolymers of the former, notwithstanding the 
examiner's assertion to the contrary. 

Furthermore, Yokoyama '354 specifies that drug loaded polymeric micelles are only 
formed via the dissolution of the water insoluble drug and the polymer in an organic solvent, 
followed by the formation of an oil in water emulsion and the removal of the organic solvent by 
evaporation. See page 5, column 2, lines 18-33 and Examples 1-15. The polymers of the present 
invention are distinguishable from those in Yokoyama '354 in that no organic solvent is required 
to prepare drug loaded particles. See the present specification at page 15, lines 10-15. Residual 
chloroform as mentioned by Yokoyama '354 (page 4, column 2, lines 47-48) may be detrimental 
to the pharmaceutical composition. The exclusion of such organic solvents in the formulation of 
applicants' amphiphilic poly(ethylenimime)-drug loaded particles is a further advantageous 
feature of the invention. Advantages that are inherent in an invention need not be recited in the 
claims, but must nonetheless be considered in determining patentability. In re Estes, 164 USPQ 
519(CCPA 1970). 

Even if the combination of features referred to by the examiner would have suggested 
itself to the artisan of ordinary skill based on the disclosures of the Wang publication and 
Yokoyama '354 (which applicants vigorously dispute), the resulting composition would still not 
satisfy all of the recitations of the rejected claims. Specifically, neither the Wang publication nor 
Yokoyama '354 teach or suggest a drug-containing composition comprising a polyethylenimine 
polymer including units in which a nifrogen is quatemized, as in applicants' elected species 
QCPAI2, for example. 
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The disclosure of Kurono '184 does not compensate for this additional fundamental 
deficiency in the disclosures of both the Wang publication and Yokoyama '354. 

Kurono ' 1 84 relates to improvements in substances that lower levels of cholesterol in the 
serum and liver by disturbing the adsorption of bile acids, i.e., metabolites of cholesterol in the 
digestive tract, such substances including cross-linked polymers formed by introducing 
quaternary nitrogen atoms into a cross-linked polymer of styrene and divinyl benzene, as well as 
tetraethylenepentamine and epichlorohydrin. These polymer substances are described in Kurono 
' 1 84 to be effective as hypercholesterolemia treating agents. However, it is pointed out that the 
use of these agents is accompanied by side effects, such as constipation, which "still remain as 
problems to be solved". See column 1, lines 6-30 of Kurono '184. The shortcomings of the 
prior art polymeric hypercholesterolemia treating agents are further explained on the basis that, 
as chelators, such polymers frequently "adsorb microelements which are essential for human 
bodies, when orally administered". See column 3, lines 1-2 of Kurono '184. 

The solution to the above-mentioned problem, according to Kurono ' 1 84, is to form a 
cross-linked polymer that "can be converted to a polymer-metal complex quantitatively by 
quatemarization". Column 3, lines 39-42. Such polymer-metal complexes are said to have more 
stable structure due to the metal chelate bond formation, as compared to the corresponding non- 
metal chelate polymer of the prior art. As a result of preparing the polymer-metal complexes in 
this way, they "do not adsorb essential metal ions, when administered orally. See Example 7 of 
Kurono '184. 

Considering the entire disclosure of Kurono '184, it is clear that one reason for 
quatemarizing the cross-linked polymer was to allow for quantitative conversion to the desired 
polymer-metal complex, so as to avoid adsorption of essential metal ions in recipients upon oral 
administration of these agents. No such problem concerning undesirable adsorption of essential 
metal ions is mentioned in association with the polymer compositions described in either the 
Wang publication or Yokoyama '354. Consequently, there would be no reason for making the 
polymer compositions of the Wang publication or Yokoyama '354 in the manner described m 
Kurono '184. 

Another reason for incorporating quaternary ammonium groups into the polymer-metal 
complex of Kurono ' 1 84 is to improve their absorption of cholic acid (an acidic compoimd that 
would bind to the quaternary ammonium groups, as noted at colimin 3, lines 51-53; column 8, 
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Table 1). The examiner is plainly mistaken in stating, at page 9, lines 3-9 of the August 4, 2009 
Official Action that quaternary ammonium groups increase the interaction between a poorly 
water soluble drug and the polymer. On the contrary, quaternary ammonium groups are 
hydrophilic and a poorly water soluble drug, being hydrophobic , would not associate with the 
quaternary ammonium groups, which would hydrogen bond with water, thus preventing such 
association. Consequently, these two chemical species would never bind. 

The examiner's observation at page 9, lines 9-1 1 of the August 4, 2009 that charged 
quaternary ammonium groups would bind to salts of poorly soluble drugs has absolutely no 
relevance to the current invention. Salt forms of poorly soluble drugs are water soluble typically 
via their ability to hydrogen bond with water. In fact, sah formation is a well known method for 
increasing the water solubility of drugs (Florence AT and Attwood D, 2006, Physicochemical 
Principles of Pharmacy, Pharmaceutical Press, London, pp 161-162). Drugs with good water 
solubility are not encompassed by the claims as amended. 

It is also noteworthy that the quatemarized polymer-metal complexes disclosed in 
Kurono ' 184 do not function as a carrier for a drug or therapeutic agent as the complexes 
themselves are therapeutic agents. As such, there would be no reason to incorporate any feature 
of the polymer-metal complex of Kurono '184 into the polymer compositions of the Wang 
publication or Yokoyama '354, which are intended as carriers of additional therapeutic agents. 

The resolution of the obviousness/non-obviousness issue in this case must be in 
accordance with the relevant standards established by the PTO Board of Patent Appeals and 
Interferences (BPAI) in the aftermath of KSR, supra. The examiner has been conspicuously 
remiss in this regard, for it is impossible to reconcile the finding of obviousness herein with the 
BPAI's disposition of the appeal in Whalen, supra. As stated in Whalen: 

The KSR Court noted that obviousness cannot be proven merely by 
showing that the elements of a claimed device were known in the prior art; it 
must be shown that those of ordinary skill in the art would have had some 
'apparent reason to combine the known elements in the fashion claimed' 
[citation omitted]. Id. at 1084. 

The BPAI's treatment of the non-obviousness issue in Whalen is entirely consistent with 
prior decisions, such as Ex parte Levengood, 28 USPQ2d 1300 (BPAI 1993). In reversing a 
§103 rejection based on a combination of prior art references, the BPAI in Levengood stated: 
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[T]he only suggestion for the examiner's combination of the 
isolated teachings of the applied references improperly stems from 
appellant's disclosure and not from the applied prior art. At best, the 
examiner's comments regarding obviousness amount to an assertion that 
one of ordinary skill in the relevant art would have been able to arrive at 
appellant's invention because he had the necessary skills to [do so]. This 
is an inappropriate standard for obviousness . That which is within the 
capabilities of one skilled in the art is not synonymous with obviousness. 
That one can reconstruct and/or explain the theoretical mechanism of an 
invention by means of logic and soimd scientific reasoning does not afford 
the basis for an obviousness conclusion unless that logic and reasoning 
also supplies sufficient impetus to have led one of ordinary skill in the art 
to combine the teachings of the references to make the claimed invention. 

. . . [A]n examiner cannot establish obviousness by locating 
references which describe various aspects of a patent applicant's invention 
without also providing evidence of the motivating force which would 
impel one skilled in the art to do what the patent applicant has done 
[Emphasis added; citations omitted]. 

As in Levengood, the references cited as evidence of obviousness in this case fall 
far short of providing the apparent reason required to combine their elements in the 
manner claimed by applicants herein. 

Furthermore, because the Wang publication teaches away from applicants' 
pharmaceutical composition as claimed in new claims 49-56, for the reasons set forth 
above, the combination of the Wang publication, Yokoyama '354 and Kurono '184 
cannot render those claimed prima facie obvious. See In re Bell, 26 USPQ2d 1529 (Fed. 
Cir. 1993) (reversing the PTO's obviousness determination where one of the cited 
references taught away from the claimed invention). 

The preceding remarks have primarily addressed patentable differences between 
the pharmaceutical composition of claims 46 and 47 (now set forth in independent claim 
49)and the combined disclosures of the Wang publication, Yokotyama '354 and Kurono 
' 1 84. Claims 50-56 directly or indirectly from independent claim 49. It is axiomatic that 
any claim dependent from a non-obvious claim is also non-obvious. In re Fine, 5 
USPQ2d 1596 (Fed. Cir. 1988). 
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Lastly, tiie examiner is correct in presuming in the paragraph bridging pages 5-6 
of the August 4, 2009 Official Action that the subject matter of the various claims was 
commonly owned at the time the inventions covered thereby were made. 

Given that the prior art references cited in support of the present §103 rejection of 
fail to teach or suggest applicants' pharmaceutical composition claimed in claims 44 and 
46-48, no evidence of a surprising or unexpected result need be presented. In re 
Lunsford, 148 USPQ 721 (CCPA 1966). 

In summary, the §103 rejection of claims 44 and 46-48 based on the combined 
disclosures of tiie Wang publication, Yokoyama '354 and Kurono '184 is improper and 
should be withdrawn upon reconsideration. 



B. Conclusion 

In view of the present amendment and the foregoing remarks, it is respectfully 
requested that the objection and rejections set forth in the August 4, 2009 OfScial Action 
be withdrawn and that this application be passed to issue, and such action is earnestly 
solicited. 

Respectfully submitted, 

DANN, DORFMAN, HERRELL AND SKILLMAN 
A Professional Corporation 
Attorneys for Applicant(s) 
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Description 
Field of Invention 

s [0001] This Invention relates to the delivery of drugs. In particular, this invention relates to the oral delivery of poorly 
soluble drugs using novel amphiphilic polymers with both solubilising and absorption enhandng properties. 

Background of Invention 

10 [0002] The oral delivery of poorly soluble drugs is usually accomplished with oil based fonnuiations such as microe- 
mulslons (Dunn, C.J.. Wagstaff, A.J., Perry. CM.. Plosker, G.L, Goa, K.L.,2001, Cyclosporin - An Updated Review of 
the Pharmacokinetic Properties, Cllnk»l Effksncy and ToleFablllty of a Microemulslon-Based Formulation Neoral R(1) 
in Organ Transplantation, Drugs 61 : 1 957 - 201 6; and Porter, C. J.H., Chamian, W.N., 2001 , In vitro Assessment of Oral 
Lipid Based Fonnuiations, Advanced Drug Delivery Reviews 50: S127-S147) or low molecular weight surface active 

IS agents (BalandraudPieri, N., Queneau P.E., Carol! Bosc, F.X., BertaultPeres, P., Montet, A.M., Durand, A., Montet, J.C. 
1997, Effects of Tauroursodeoxychoiate Solutions on Cyclosporin and Bioavailability in Rats, Drug Metabolism and 
Disposition 25: 912-916; Quo, J.X., Ping, Q,N., Chen, Y. 2001, Pharmacokinetic Behaviour of Cyclosporin A in Rabbits 
by Oral Administration of Lecithin Vesicle and Sandimmun Neoral, International Journal of Phannaceuttes 216: 17-21). 
Poorly soluble dmgs are those drugs that are identified in the British Phamnacopoeia as 'practically insoluble' (Medkiines 

20 Commission, British Pharmacopoeia, The Stationary Offtoe, London, 1998). Such drugs have an aqueous solubility of 
less than 0.1 mg per milliiitre of solvent (such as water) at a temperature of about 15°C - 20°C. 
[0003] Previous attempts to promote oral absorption of poorly soluble drugs such as cyclosporin, have involved the 
use of oil and/or surfactant (Dunn, C.J., Wagstaff, A.J., Peny, CM., Plosker, G.L, Goa, K.L.,2001. Cyclosporin - An 
Updated Review of the Phannacokineljc Properties Clinical Efficacy and Tolerability of a Microemulslon-Based Fonnu- 

25 lation Neoral R(1) in Organ Transplantation, Drugs 61: 957 - 2016; and Porter, C.J.H., Chamian, S.A., Williams, R.D., 
Bakaiova, M.B., Charman, W.N., 1996, Evaluation of Emulsifiable Glasses for the Oral Administration of the Cyclosporin 
in Beagle Dogs, International Journal of Pharmaceutics 141: 227-237), bile salt (BaladraudPieri, N., Queneau, P.E., 
CaroilBosc F.X., BertaultPeres, P., Montet, A.M., Durand, A., Montet, J.C, 1997, Effects of Tauroursodeoxychoiate 
Solutions on Cyclosporin and Bioavailabiity in Rats, Drug Metabolism and Disposition 25:912-916), phospholipid based 

30 systems (Guo, J.X., Ping, Q.N., Chen, Y., 2001 , Phamiacokinetk; Behaviour of Cyclosporin A in Rabbits by Oral Ad- 
ministration of Lecithin Vesicle and Sandimmun Neoral, International Journal of Phamriaceutics 21: 17 - 21; and Leigh, 
M., Hoogevest, P.V., Tiemiessem, H., 2001 Optimising the Oral Bioavailabiity of the Poorly Water Soluble Drug Cy- 
closporin A Using Membrane Lipid Technology, Drug Delivery and Sciences 1: 73-77) or cyclodextrins (Miyake, K., 
Arima, H., Irie.T., Hirayma, F., Uekama, K., 1999, Enhanced Absorption of Cyclosporin A by Complexation with Dimethyl- 

35 Beta-Cyclodextrin in Bile duct-Cannulated and Non-Cannulated Rats, Biological and Phamiaceutical Bulletin 22: 66-72). 
Although a nanocapsule fomned during in-situ polymerisation has also been proposed for cyclosporin delivery, this 
technique has difficulties in delivering the drug (Bonduelle, S., Camer. M., Pimienta, C. Benoit, J.P., Lenaerts, B., 1996, 
Tissue Concentration of Nanosncapsuited Radiolabelled Cyclosporin Following Peroral Delivery in Mtee or Opthalmk; 
Applk»tion In Rabbits, European Joumal of Pharmaceutics and Biophamnaceutics, 42: 31 - 319). 

*o [0004] Cyclosporin Is a lipophilic Immunosuppressant used to treat transplant and autoimmune disease patients. 
Cyclosporin Is pooriy soluble In a variety of solvents and is curtently administered as micro-emulsion fonnulation. 
[0005] Nfiding & Heitz (Macromolecular Chemistry and Physk^s, 1 99: 1 637-1 644. 1 998) describes the synthesis of 
polyethylenlmine polymers with tertiary nitrogen atoms within tiie chain in a reaction in which branched polyethylenimlnes 
are created by the reaction of polyethylenlmine with an aikyi bromide. 

^ [0006] US5681543 discloses polymercomplexes for use as diagnostic complexing agents, including polymers derived 
from tertiary polyethylenimlnes. The polymers are used to complex metal Ions for use in MRI. 
[0007] US 5338532 discloses dendrimer molecules Including dendrimers based on tertiary amines. 
[0008] WO 02/30468 describes cationk: polymers Including polyethylenimlnes that are used to complex nucleic acid 
for delivering the nucleic acid into cells. 

so [0009] CA 2321200 describes a number of polyethylenlmine products having two or more hydrophobto groups for 
complexing nucleic acid. 

[0010] It is an object of embodiments of the present invention to obviate or mitigate at least one or more of the 
aforementioned problems. 

[001 1 ] It is a further object of embodiments of the present invention to improve delivery of poorly soluble drugs to a 
ss recipient 
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Summary of the Invention 



[0012] Accoixllngly, in a first aspect, the present invention provides a pharmaceutical composition of a poorly soluble 
drug and amphiphilic polyethylenimine polymer, wherein the drug has an aqueous solubility of less than 0.1 mg per 
millilitre of solvent atatemperature of about 15-20°C, wherein the polymercontains hydrophilicsubstituents that comprise 
quaternary nitrogen groups and hydrophobic substituents as represented by the formula: 



— '"NHCHaCKs"" • 



If 



wherein 



a Is between 0 to 90%; 
pis between 0 to 100%; 
7 Is between 0 to 50%; 
anda + p + Y= 100%; and 



and further wherein: 



each Z group is independently hydrogen or a hydrophobic subsUtuent, wherein the hydrophobic subsUtuent is a 
linear or branched, substituted or unsubstltuted or a cyclic group; and 
Y is a hydrophilic substituent. 



[001 3] In a further aspect, the present Invention provides the sse of a polyethylenimine polymer as defined above for 
the preparation of a medicament wherein the polymer is formulated with a poorly soluble drug, wherein the drug has an 
aqueous solubility of less than 0.1 mg per millilitre of solvent at a temperature of about 15-20''C. 
[0014] It should be understood that the monomer units identified with a, p and y may fomi any arrangement In the 
polyethylenimine polymer. The anrangement of the a, p and y units may therefore be random or in a block copolymer 
fomn such as opyapYopY etc. This Is Identified above by the dashed line between the different monomer unHs. 
[001 5] The polyethylenimine polymer may be linear or branched. 
[001 6] The ratios for a, p, y are numerical ratios. 

[001 7] Typically, the Z groups may Independently be selected from any of the following hydrophobic substituents: an 
alkyi, an alkenyl, and alkynyl, an aryl, an acyl, a hydroxy all^l, a hydroxy acyl, polyethylene glycol or any sugar. 
[001 8] The Z groups may independently be any linear or branched, subst'rtuted or unsubstltuted, or cycio forni of the 
following aikyi, alkenyl, alkynyl, aryl, acyl, hydroxy alkyI, hydroxy acyl, polyethylene glycol or any sugar groups: - Cgoi 
C■^ -Cf2, Ci -CgOrCi. 

[001 9] The Z groups may be C, - C4 linear alkyi groups. 

[0020] Y may represent any of the following: -NHg; -NHA; -N+Ri R2R3; and -N+R, RgA. 

[0021] R^, Rg, or R3 may be selected from any of the following substituents: an alkyI, an alkenyl, an alkynyl, an aryl, 
an acyl, a hydroxy alkyi, a hydroxy acyl, polyethylene glycol or any sugar. 

[0022] R.|, R2 and R3 may independently be any linear or branched, substituted or unsubstltuted, or cydo form of the 
following aikyi, alkenyl, alkynyl, aryl, acyl, hydroxy alkyI, hydroxy acyl, polyethylene glycol or any sugar groups: C, - Cg,; 
Ci -0,2; C, -CgorCi. 

[0023] Typically, R^ , Rg and R3 are C, - C4 linear alkyI groups. 
[0024] All of , R2 and Rg may be CH3. 

[0025] Conveniently there may be between 1 and a maximum of 3 R substituents on any single nitrogen. This allows 
for primary, secondary and tertiary amines. 

[0026] The groups A may be selected from any of the following linear or branched, substituted or unsubstltuted, or 

cycle groups: Ci - C30; Cg- C24; or C^g - Cig. 

[0027] Typically, the groups A may be a linear 0,2 - C,e alkyi group. 
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[0028] In particular, A may be CH3(CH2)i5. 

[0029] The ratio of quaternary ammonium nitrogens to nitrogens of amino groups may be selected from any of the 
following: 0.01 % - 1 00%; 1 0% - 90%; 30% - 70%; 40% - 60%; 50% - 90% or 60% - 80%. The preferred range is 40% - 
90%. A high proportion of quaternary ammonium groups promotes solubilisation of both the polyethylenimine polymer 
and a hydrophobic drug. 

[0030] The parent polyethylenimine compound used to make the polyethylenimine polymer may have an average 

molecular weight of about 2 - 50kD, or more particularly, of about 10 - 25 kD. 

[0031 ] The polyethylene polymer may have an average molecular weight of about 1 0 - 25 kD. 

[0032] The polyethylenimine polymer may produce hydrophobe domains. Hydrophobb domains are areas of the 

molecule's self-assembly where hydrophobk: compounds or compounds which are poorly soluble in water are able to 

reside and thus become solubilised with an aqueous disperse phase. The level of hydrophobic modification may be from 

0.01 - 50%, 0.1 - 20% or 1 - 10% of amino groups. The preferred level of hydrophobic modification is 1 - 10% of amino 

groups. 

[0033] All possible monomeric subunits in accordance with the stmcturs as defined In fonnuia I are shown in Rgure 1 : 
wherein 

m is between 0 - 90 %; 
n is between 0 - 100%; 
p is between 0 - 50 %; 
q is between 0 - 50 %; 
u is between 0 - 50 %; 
V is between 0 - 50 %; 
w is between 0 - 20 %; 
X Is between 0 - 20 %; 
y is between 0 - 20 %; and 
z is between 0 - 20 %; 

wherein, m + n + p + q + u + v + w + x + y + z = 1 00%; and 
A, Ri, R2, R3 and Z are as defined above. 

[0034] It should be appreciated that the monomer units m, n, p, q, u, v, w, x, y and z may be arranged in any order. 

[0035] The ratios for m, n, p, q, u, v, w, x, y and z are numerical ratios. 

[0036] Typically, if m = 0% then n is not equal to 0%. 

[0037] Typically, if n = 0% then m is not equal to 0 %. 

[0038] Typically, if p = 0% then q + u+ v + w + x + y + z does not equal 0%. 

[0039] Typically, if q = 0% then p + u+ v + w + x + y + z does not equal 0%. 

[0040] Typically, if u = 0% then p + q + v + w + x + y + z does not equal 0%. 

[0041 ] Typically, lfv = 0%thenp + q + u + w + x + y + z does not equal 0%. 

[0042] Typically, if w = 0% then x + y + z + n does not equal 0%. 

[0043] Typically, if x = 0% then w + y + z + n does not equal 0%. 

[0044] Typically, If y = 0% then w + x + z + n does not equal 0%. 

[0045] Typically, If z = 0% then w + x + y + n does not equal zero. 

[0046] Conveniently, m + n lies between 50 to 1 00%. 

[0047] Conveniently, p + q + u + v lies between 20 to 50%. 

[0048] Conveniently, w + x + y + z lies between 0.01 to 1 0%. 

[0049] It is possible that polyethylenime may be linear (n=1 00) or branched as shown in Figure 1 . If n = 0%, however, 
then m must be equal to a value greater than 0% as this allows for the branched material with no backbone quaternisation 
on erstwhile secondary amines. 

[0050] It Is possible that p, q, u, v, w, x, y or z may be equal to 0%. However, the sum total of p, q, u, v, w, x, y and 2 
may be equal to a value greater than 0%, as this allows for the branched compound to be included. 
[0051] Alternatively, w, x, y or z may be equal to 0%. However, the sum total of w, x, y orz may not be equal to 0%. 
This allows for a hydrohobically substituted branched compound. 

[0052] Typically, m + n = 60%, w + x+y + z = 6%, and p + q + u+v = 34%. Using these ranges defines the quatemary 
ammonium cetyl polyethylenimine found in the Example Section of the present application. 

[0053] According to a second aspect of the present invention there is provided a method of fomiing a polyethylenimine 
polymer according to the first aspect by reacting a polyethylenimine compound fonned from the polymerisation of eth- 
ylenimine with a first organo halide to form an organo side chain on the polyethylenimine compound, and then a second 
organo halide to react with an amino group on the polyethylenelmine compound. 
[0054] The polyethylenimine used may be branched or linear. 
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[0055] Branched polyethylenimine may be prepared by the acid catalysed polymerisation of, for example, azlridine 
(ethyleneimine) (Dick, C.R., Ham, G.E., J. Macromol. Sci. 1970, A4, 1301-1314; von Harpe, A., Petersen, H., Li, Y., 
Kissel, T., J. Control. Rel. 2000, 69, 309-332). Linear polymers may be prepared by controlling the conditions of poly- 
ethylenimine polymerisation (Zhuk, D.S., Gembltsky, P.A., Alexandrovich, A.I., US Patent No. 4,032,480). 

5 [0056] The first organo halide may be any linear or branched, substituted or unsubsituted, or cycio fomi of any alkyi, 
alkenyl, alkynyl, aryl or acyl halide or any hydrophilic halide. The halide may be any of fluoride, chloride, bromide or iodide. 
[0057] The organo group of the first organo halide may be selected from any of the following linear or branched, 
substituted or unsubstituted, or cycio groups: - C30; Cg - C24; or C12 - Cig- 
[0058] Typically, the first organo halide is a linear - C^g alkyI halide. 

10 [0059] In parteular, the first organo halide may be celyl bromide (e.g. CH3(CH2)is Br). 

[0060] The second organo halide may be any alkyI, alkenyl, alkynyl, aryl or acyl halide or any hydrophilic halide. The 
halide may be any of fluoride, chloride, bromide or iodide. 

[0061 ] The organo group of the second organo halide may be selected' from any of the following linear or branched, 
substituted or unsubstituted, or cycio groups: - C20; - Cg: or 
15 [0062] Typically, the second organo halide is a linear C, - Cg alkyI halide. In particular, the second organo halide may 
be methyl iodide. 

[0063] The polyethylenimine compound and first organo halide may be mixed in an organic solvent such as tetrahy- 
drofuran, which may then be refiuxed. The refluxing may occur in an alcoholic solution of, for example, sodium hydroxide. 
Cetyl polyethylenimine may then be isolated and may then be reacted with the second organo halide. 
20 [0064] The second organo halide may be added in the presence of, for example, a metal hydroxide (e.g. sodium 
hydroxide), a metal halide (e.g. sodium iodide) and an alcohol (e.g. methanol). 

[0065] The polyethylenimine polymer may then be obtained by washing, dialysis and using an ion exchange column. 
[0066] Further quatemisation may be obtained by adding more of the second organo halide. 
[0067] The fomied polyethylenimine polymer may be that as represented in Rgure 1 . 

[0068] it is also possible to prepare a substituted linearpolyethylenimlne with the end nitrogens protected, subsequently 
deprotect the terminal amines and then attach this substituted linear polyethylenimine to the branched molecule and 
follow the whole conjugation step with a quatemary ammonium step. 

[0069] Pharmaceutically acceptable carriers are well known to those skilled in the art and include, but are not limited 
to, 0.1 M and preferably 0.05 M phosphate buffer or 0.9% w/v saline. Additionally, such pharmaceutically acceptable 

30 carriers may be aqueous or non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents 
are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl 
oleate. Aqueous canlers Include water, aboholic/aqueous solutions, emulsions or suspensions, including saline and 
buffered media. Parenteral vehteles include sodium chloride solution. Ringer's dextrose, dextrose and sodium chloride, 
lactated Ringer's orfixed oils. Preservatives and other additives may also be present, such as, for example, antimksrobials, 

35 antioxidants, chelating agents, inert gases and the like. 

[0070] Typically, the ratio of polyethylenimine polymer to phannaceutically acceptable carrier ranges from any of the 
following: 0.0001 - 100 w.v., 0. 005 - 50 w.v.; 0.001 - 30 w.v.; 0.001 - 10 w.v.; or 0.01 - 1 w.v. 
[0071 ] The drug may be poorly soluble in aqueous solvents such as water. The drug may be administered to a patient 
as a solution or a particulate fonnulatlon. 

40 [0072] The drug may be selected from any of the following: cyclosporin; sterols such as prednisolone, oestradtol, 
testosterone; dmgs with multksyciic ring structures which lack polar groups such as paclitaxel; and drugs such as etopo- 
side. 

[0073] Typically, the ratio of the polyethylenimine polymerto the drug may be selected from any of the following: 0.001 
- 100%; 0.1 - 100%; 1 - 100%; 10 - 90%; 30 - 70%. 

« [0074] The pharmaceutical composition may also comprise a pharmaceLrtically acceptable carrier. 

[0075] Typically, the ratio of polyethylenimine polymer to drug to pharmaceutically acceptable carrier may be in the 
range of 5 - 20mg : 0.5 - 5mg : 0.5 - 5mL or 5 - 20mg ; 0.5 - 5mg : 0.5 - 5g. In particular, the ratio of polyethylenimine 
polymer to dmg to pharmaceutically acceptable canler may be about 1 0mg:2mg: 1 mL or about 1 0mg:2mg:2g. 
[0076] The pharmaceutical composition may be in the form of any of the following: tablets, suppositories, liquid capsule, 

so powder fomi, or a fomi suitable for pulmonary delivery. 

[0077] When tablets are used for oral administration, typically used earners include sucrose, lactose, mannitol, maltitol, 
dextran, corn starch, typical lubricants such as magnesium stearate, preservatives such as paraben, sorbin, antioxidants 
such as ascorbic acid, a-tocopheral, cysteine, disintegrators or binders. When administered orally as capsules, effective 
diluents include lactose and dry corn starch. A liquid for oral use includes syrup, suspension, solution and emulsion, 

55 which may contain a typical inert diluent used in this field, such as water. In addition, sweeteners or flavours may be 
contained. 

[0078] Suppositories may be prepared by admixing the compou nds of the present invention with a suitable non-irritative 
excipient such as those that are solid at nomnal temperature but become liquid at the temperature in the intestine and 
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melt in rectum to release the active ingredient, such as cocoa butter and polyethylene glycols. 
[0079] The dose of the polymer can be determined on age, body weight administration time, administration method, 
combination of drugs, the level of condition of which a patient Is undergoing therapy, and other factors. While the daily 
does may vary depending on the conditions and body weight of patients, the species of active ingredient, and admlnls- 
s tration route, in the case of oral use, the daily does may be about 0.1 - 100 mg/person/day, preferably 0.5 - 30 mg/ 
person/day. 

Brief Description of the Drawings 

10 [0080] Embodiments of the present invention will now be described, by way of example only, with reference to the 
accompanying drawings in which: 

Figure 1 Is a representation of a polyethylenelmine polymer formed according to the present invention; and 
Figure 2 is a Transmission Electron Microscopy CTEM) Image of quaternary ammonium cetyl polyethylenelmine 
IS (QCPEI2) and cyclosporin nanoparticles. 



Example 1 ■ Synthesis of Quaternary Ammonium Cetyl Polyethylenlmlne (QCPEl) 

20 

[0081] AII<ylation of polyethylenlmlne was can-led out according to a previously reported method (Noding, G., Heltz, 
W., 1998, Amphiphiiic Polyethyienlmines Based on Long-Chain All<yl Bromide Macromolecuiar Chemistry and Physics 
199: 637 - 1644). Briefly, polyethyienimine (M^ = 25kO, 5g) was alkylated by refluxing with cetyl bromide (1.8g) and 
tetrahydrofuran (50ml) for 48 hours, followed by the addition of an alcoholic solution of sodium hydroxide (4.8g in 25mi 

2s methanol), and a further reflux period of 24 hours. Sodium bromide was removed by filtration and the product isolated 
by evaporation of the solvent, exhaustive dialysis andfreeze-drying. 0.6g of cetyl polyethyienimine was then quatemised 
by reaction with methyl iodide (2.6mi) in the presence of sodium hydroxide (0.23g), sodium iodide (0.28g) and methanol 
(1 00ml) for 3 hours at 36°C. The product was isolated by precipitation in ether (400mi), washing with ethanoi, exhaustive 
dialysis of an ethanolic solution and elutlon through an ion exchange column to isolate the hydrochloride salt. 

30 [0082] A yellow cotton wool like solid which is the quaternary ammonium cetyl polyethylenelmine (QCPEI1) was 
obtained on freeze drying. 

[0083] Afurther quaternisation of quaternary ammonium cetyl polyethylenelmine (QCPEI1 ) produced a doubly quater- 
nerlsed compound, i.e. di-quatemary ammonium cetyl polyethylenelmine (QCPEI2). 

35 Characterisation of Quaternary Ammonium Cetyl Polyethylenlmlne 

[0084] iH NMR and con-elation spectroscopy as well as ^^c NMR experiments (Bruker, AMX 400 IMHz spectrom- 
eter, Bruker Instruments UK) were can-ied out on the quatemary cetyl polyethylenelmine in deuterated methanol. Ele- 
mental analysis was earned out on the products using a Perkin Elmer 2400 analyser. 

40 

Polymer Aggregation 

[0085] The aggregation of an aqueous solution of the polymers was studied using a pyrene probe for hydrophobic 
domains (see Kalyanasundaram, K., Thomas, J.K., 1977, Environmental Effects on the Vibronic Band Intensities in 

■*5 Pyrene Monomer Fluorescence and the Applicadon to Studies of Miceilar Systems, Journal of the American Chemical 
Society 99: 2039 - 2044). Fluorescence scans (excitation = 340nm) were perfonned on various concentrations of the 
polymer dissolved in an aqueous pyrene solution (2|i,M). The ratio of the intensity of the third and first peaks (y\f) was 
used to assess the hydrophobiclty of the pyrene environment which is an indirect probe for polymer association. 
[0086] Polymer aggregation was also assessed by recording the hypsochromic shift in the UV absorption spectrum 

so of methyl orange (Lieske, A., Jaeger, W., 1999, Block Copolymers Containing Poiysoap Blocks, Tenside Surfactants 
Detergents 36: 155 - 161) in 25ji,M in 0.02M borate buffer when encapsulated within a hydrophobk: environment. UV 
absorption scans (300 - 600nm) were perfonned on various concentrations of the polymer dissolved in the methyl orange- 
borate solution and the wavelength of maximum absorbance noted. 

55 
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TABLE 1: Quaternary ammonium cetyl polyethyleneimlne (QCPEI1) aggregation In aqueous solution as 
measured by the Increase in {\^■^) ratio in the pyrene fluorescence and by the hypsochromic shift in the 
methyl orange spectra 



uurcn lo/n raiio 
(QCPEI1 concentration 
In mg mL-') 


QCPEH Methyl Orange 
wavelength of maximum 
absorbance (QCPEI1 
concentration in mg 

mL-1) 


QCPEI2 13/11 ratio 
(QCPEI2concentratlon in 
mg mL-1) 


QCPEI2 Methyl Orange 
wavelength of maximum 
absorbance (QCPEI2 
concentration in mg 

mL-1) 


0.64 (0) 


465(0) 


0.61 (0) 


465 (0) 


0.88 (0.87) 


450 (0.50) 


0.823(0.81) 


456 (0.55) 


0.89 (1.73) 


452(1.52) 


0.862(1.621) 


450 (1.63) 


0.92 (3.73) 


452 (3.73) 


0.871 (3.24) 


458 (3.70) 


0.98 (7.04) 


454 (7.80) 


0.853 (4.37) 


465 (7.85) 






0.926 (6.49) 


456 (14.25) 



[0087] The synthesis of the cetyl polyethylenimlne was confirmed lay a proton NMR and assignments were made as 
follows: 



8 = 0.87 = CH3 (cetyl), 81 .25 = CHg (cetyl), 81 .45 = CHg - N (cetyl), 52.7 - 2.8 = CHg - N (cetyl and polyethylenimlne). 
Quatemisatlon of cetyl polyethylenimine to produce quaternary ammonium cetyl polyethylenimlne was confirmed 
by '3C NMR: 614.6 = CH3(cetyl), 823.9 = CH2(cetyl), 852.5 and 54.8 = CH3(CH3N+), 568.8 and 63.S = CHgN and 
CH2N+(polyethylenimine) and NMR - 80.90 = CHg (cetyl), 81 .3 = CHg (celyl), 51 .47 = CHg, (cetyl), 81.85 = CHg 
- N (cetyl), 52.5 - 4.7 = CHgN, CH2N+ and CH3N+. 

[0088] The yields of cetyl polyethylenimlne, quatemary polyethyleneimlne (QCPEI1 ) and dl-quatemary cetyl polyeth- 
yleneimlne (QCPEI1) were 67%, 85% and 46%, respectively. 

[0089] The degree of cetylatlon was found to be 5.2% of all amine groups using elemental analysis data. The degree 
of conversion of amines to quatemary ammonium moieties was approximately 64% for quatemary cetyl polyethylenimine 
and 81% for dl-quaternary cetyl polyethylenimine. 

[0090] Both quatemary ammonium polymers aggregate to produce hydrophobic domains in aqueous solution (See 
Table 1). This Is shown by the Increase in the 13/11 values and also by the shift to a lower wavelength of the methyl 
orange peak. These hydrophobic domains serve to solubilise poorly aqueous soluble (hydrophobic) drugs such as 
cyclosporin; in the case of the less quatemlsed variant - QCPEI1 which forms a clear micellar liquid with cyclosporin, 
when freshly prepared (Table 1), effectively encapsulating cyclosporin within the hydrophobic domains. 

Example 2 ■ Prepatatlon of Quaternary Cetvl Polyethylenimlne ■ Cyclosporin Formulations 

[0091] Quaternary cetyl polyethylenimine polymers were dissolved by probe sonication on Ice (Soniprep Instruments, 
UK) followed by the addition of cyclosporin, which was Incorporated Into the polymer solution by probe sonication. 
Formulations were stored for up to 13 days and observed for particle formation. Particulate formations were sized by 
photon correlation spectroscopy, imaged by both transmission electron microscopy (TEM) with negative staining (see 
Wang, W., Tetley, L, Uchegbu, I.F., 2001 . The Level of Hydrophobic Substitution and the Molecular Weight of Amphiphillc 
Poly-L-Lysine-based Polymers Strongly Affects Their Assembly into Polymeric Bilayer Vesicles, Journal of Colloid and 
Interface Science 237: 200-207) and freeze fracture electron microscopy (see Uchegbu, I.F., Schatzlein, A.G., Tetley, 
L., Gray, A.I., Sludden, J., Siddique, S., Mosha, E., 1 998, Polymeric Chitosan - Based Vesicles for Drug Delivery, Journal 
of Phamiacy and Phamnacology 50: 453-458). Clear micellar fonnulatlons were filtered with a 0.45(i,m filter and the 
filtered fomiulations assayed by HPLC using a reverse phase Waters Spherisorb CDS column (25cm x 4.6mm), eluted 
with a water, acetonitrlle tert-butyl methyl ether, orthophosphoric acid (350:600:50:1 ). Detection was by UV(^21 Onm). 
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Table 2: QCPEI-cyclosporIn formulations 



Formulation 


Initial 

Appearance 


Initial Mean 
Particle Size 
(nm) 


% Recovery of cyclosporin from 
micellar solutions(a) 


Mean Particle Size (nm) 


Freshly 
(mean ± s.d.) 


After storage 
(2-8°C) for 90 
days (mean ± 
s.d.) 


Storage 
(2-8°C) for 4 
days followed 
by exposure 
to room 
temperature 
for15min 


Storage 
(2-8°C) for 3 
days followed 
by exposure to 
37''Cfor15min 


QCPEI1 


Clear liquid 




7B.7±8.14 
(n=3) 


93.3±6.60 
(n=4) 


558 (n=3) 


608 (n=6) 


QCPEI2 


Colloidal 


310 (n=4) 






377(n=1) 


512(n=3) 


(a) Initial Concentration = 2mg mL^ 

n Denotes number of fomiulations assayed. 



[0092] [In Table 2 the blank boxes (represented with a *-*) represent particuiate formulations, which cannot be assayed 
In the same way as micellar fomnulatlons]. 

[0093] As shown in Table 1 both quaternary ammonium polymers (i.e. QCPEI1 and QCPEI2) aggregate to produce 
hydrophobic domains in aqueous solutions. These hydrophobic domains serve to solubilise cyclosporin. In the case of 
the less quatemerised variant - QCPEH forms a clear micellar liquid with cyclosporin, when freshly prepared, effectively 
encapsulating cyclosporin within hydrophobic domains, i-lowever, as shown in Table 2, the polymer exhibits a lower 
critical solution temperature and becomes less hydrated with increase in temperature resulting in aggregation of the 
polymeric micelles to forni nanoparUdes. Furthemiore, Table 2 shows storage of QCPEH at refrigeration temperature 
preserved the micellar fomnuiation. The micellar fonnuiation Is presented as analysis of the optically clear samples after 
storage for 90 days shows that there is no predpation of cyclosporin. 

P)094] In contrast to QCPEH , the doubly quaternarised compound QCPEi2, which is less water soluble than QCPEI1 
initially formed stable nanopartldeswith cyclosporin. Figure 2 shows that the double quaternarised compound (QCPEI2) 
does not fonn micelles with cyclosporin. The size bar shows that the aggregates fomned are too large to be micelles 
although the image could show an aggregate of lots of micelles. These will still be technically nanopartides as the 
fonnuiation is not optically clear. 

[0095] Although the polymerfonns micelles within which cyclosporin is solubilised, the polymer exhibits a lower critical 
solution temperature and becomes less hydrated with increase in temperature resulting in aggregation of the polymeric 
micelles to fonn nanopartides after exposure to elevated temperatures (i.e. removal from the fridge. Table 2). However, 
storage of QCPEI1 at refrigeration temperature preserved the micellarfonnulation (Table 2) and there was no conversion 
of the micelles into nanopartides. In contrast to QCPEI1 , the doubly quatemised compound QCPEI2, which is less water 
soluble than QCPEI1 , initially fonned stable nanopartides with cyclosporin (Figure 2, Table 2) and does not fonn the 
micelles with cyclosporin. 

Example 3 - Oral Admlnlrtratlon of Quaternary Cetyl Polyethylenlmlne-Cvclosporln Formulations 

[0096] Groups of male Wistar rats (n=4 i.e. the group size, weight = 200 - 220g) were fastedfor 1 2 hours before dosing 
and subsequently dosed intragastricaliy (1 Omg i(g~i) with an optically dear quaternary ceiyi polyethylenimine (QCPEI1) 
- cyclosporin formulation (1 0:2); a particuiate quatemary cetyl polyethylenimine (QCPEI2) - Cyclosporin (1 0:2) foimula- 
tion; Neoral (Registered Trademarl() or water. Neoral is a microemuision formulation of cyclosporin manufactured and 
marketed by Novartis. 

[0097] Blood was taken from the tail vein of these anaesthetised rats at 1 hour, 4 hours and 24 hours after dosing. 
Plasma was separated by centrif ugation at 1 0OOg and stored at -20°C until analysis could be performed on the samples. 
Cydosporin was measured in the plasma samples using a monoclonal antibody radioimmunoassay kit (Cyclo-Trac SP- 
Whoie Body Radioimmunoassay Kit) supplied by Diasorin, UK. 
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Tables: Blood Levels Following Oral Cyclosporin Dosing 



Time 


Formulations ngL^ of cyclosporin in blood 


Neoral® 


QCPEI1 


QCPEI2 


1h 


1525±267* 


583+284 


748+482 


4h 


1521 ±163 


1179+360 


1387 ±539 


24h 


346±37 


315+95 


295 ±45 


* = statistically significant difference between groups at 
the sanie time point (p<0.05) 



[0098] The oral QCPEI1 fomiulations were well tolerated in rats with no gross adverse events recorded. Plasma levels 
at the 4 hour time point from the oil free QCPEI fomiulations were indistinguishable from peai< levels obtained using 
Neoral (Registered Trademaric), although Neoral (Registered Trademark) was absorbed faster than the QCPEI fomiu- 
lations shown In Table 3. The amphiphiiic polyethyleneimine polymer therefore promotes the absorption of a poorly 
soluble drug such as cyclosporin. 

[0099] Within the 37°C environment of the gut lumen it is assumed, although not wishing to be bound by theory, that 
the nan-ow particle formulation prevails for both polymers and that these nanoparticles experience the gradual loss of 
cationic micellar aggregates still encapsulating their hydrophobic payload. As cationic polymers are known to facilitate 
transport across epithelial membranes and across cell membranes, these micellar aggregates may also facilitate the 
intestinal absorption of cyclosporin. The disassoclation of the nanoparticle into single micellar aggregates results in the 
delayed absorption when compared to the oil containing fonnulation. 

Example 4 - Oral Delivery of Cvciosporln 2 

[0100] This Example examines the effect of intennediate and low molecular weight quaternary ammonium hexadecyl 
polyethylenimine on the oral delivery of cyclosporine A. 

Materials 

[01 01 ] Polyethylenimine (Mw = 1 0kD) was supplied by Polysciences, UK. Polyethylenimine (Mw = 1 .8kD), hexadecyl 
bromide, methyl iodide and sodium iodide were all obtained from Sigma-Aldrich, Co., UK. Ethanol, diethyl ether and 
tetrahydrofuran were supplied by the Department of Pure and Applied Chemistry, University of Strethclyde. 

Methods 

[0102] intermediate molecular weight quaternary ammonium cetyl PEI with two different levels of quaternary ammo- 
nium modification (Q1^o ^'^^ '^w) were synthesised by reacting polyethylenimine (PEI, Mw = 10kD) with both cetyl 
bromide and methyl iodide as described for QCPEI1 and QCPEI2 respectively in Example 1. Low molecular weight 
quaternary ammonium cetyl PEI with a high level of quaternary ammonium modification (02, 3) was synthesised by 
reaction of PEI (Mw = 1 .8kD) with both cetyl bromide and methyl iodide as described for QCPEI2 in Example 1 . Q1 
Q2.|o, and 02^.8 cyclosporine (2mg mL'*) fomiulations, each containing 10mg mL'^ of the respective amphiphiiic PEI 
were prepared as described in Example 2. 

[0103] Male Wistar rats (mean weight = XXg [WPC PLEASE COMPLETE], n = 4) were dosed orally with QCPEil , 
Q1 10. Q2io or Neoral fomiulations of cyclosporine (7.6mg kg-'). Blood was then sampled at various time intewais and 
cyclosporine analysed in the sampled blood using the radioimmunoassay procedure described in Example 3. In a 
separate experiment male Wistar rats (mean weight = XXg [WPC PLEASE COMPLETE], n = 4) were dosed orally with 
Q2io> 8, or Neoral formulations of cyclosporine (10mg kg-^). A further group was dosed with a dispersion of cy- 
closporine (1 Omg kg-'<) in water whteh was shaken just prior to administration. Blood was sampled from these 4 groups 
of animals at various time intervals and cyclosporine analysed in blood using the radioimmunoassay procedure described 
in Example 3. 

Resulta 
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Table 4: Blood levels ofcyclosporine after dosing animals orally with 7.5mg Kgr^ cyclosporine 



Formulfition 


Blood levels (ng mL-^ n = 4, mean ± s.d.) 


1h 


4h 


24h 


Qiio 


615 ±351* 


854 ± 376 


73 ±38 


Q2io 


1050 ±456 


1163 + 326 


95 ±19 


QCPEI1 


576 ± 320* 


799 ± 481 


84±44 


Neoral 


1496 + 447 


989 ± 301 


150 ± 68 


'Statistically significantly different from Neoral (p < 0.05) 



Table S: Blood levela ofcyclosporine aHer cfos/ng animals orally with lOmg Kg-^ cydoaporbie 



Formulation 


Blood levels (ng mL'V n = 4, mean ± s.d.) 


1h 


4h 


24h 


Q2l.B 


889 ± 336* 


1677 ±840 


461 ± 153* 


Q2io 


1213 ± 196* # 


1865 ±516* 


665 ± 115* 


Cyclosporine dispension in water 


439 ± 345* 


617 ±277* 


88 ±43 


Neoral 


2026 ± 209* 


1915 ± 158* 


475 ± 133* 


'Statistically significantly different from Neoral (p < 0.05). 'statistically significantly different from 
cyclosporine dispersion in water. 



Comment on Results 

30 

[01 05] Atthe 7.5mg kg-1 dose level Q2^o ^3<^ equivalent bioavailability with Neoral while Q1 and QCPEI1 delivered 
less cyclosporine via the oral route after 1 h when compared to Neoral, although cyclosporine levels equivalent to Neoral 
were delivered at the 4h and 24h time points by both Q1 and QCPEI1 . 

[0106] At the 10mg kg-1 dose level, all formulations delivered less cyclosporine than Neoral at the 1h time point 
35 although 02^0 improved the absorption of cyclosporine when compared to cyclosporine dispersion in water. At the 4h 
time point both 02^0 and 02^.8 were bioequivalent with Neoral whereas due to the high standard deviations ot>tained 
with Q2i.g, this fomiuiation was statistically indistinguishable from the cyclosporine dispersion in water. Atthe 24h time 
point all fonnulations resulted in a greater absorption of cyclosporine when compared to the cyclosporine dispersion in 
water. 

^ [0107] it is clear that polyethylenlmine amphiphiies are able to promote the absorption of cyclosporine. 
Example 5; Stability of Cyclosporin Soltitlons 

[0108] This Example relates to assessing the stability of quaternary ammonium polyethylenlmine - cyclosporine for- 
^ mulations. 

Materials 

[01 09] Polyethylenlmine (Mw = 1 0kD) was supplied by Polysciences, UK. Polyethylenlmine (IMW = 25kD), hexadecyi 
so bromide, methyl iodide and sodium iodide were all obtained from Sigma-Aldrich, Co., UK. Ethanol, diethyl ether and 
tetrahydrofuran were supplied by the Department of Pure and Applied Chemistry, University of Strathclyde. 

Methods 

[0110] Ql^o was synthesised by reacting poiyethylenimine (PEI, IMw = lOkD) with both cetyl bromide and methyl 
iodide as described for QCPEil in E)fflmpie 1. QCPEI1 was also synthesised as described in Example 1. Ql^o and 
QCPEII Fonnulations of cyclosporine (2mg mL^) containing lOmg mL-i of the amphiphilic PEIs were prepared as 
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described in Example 2. 

[0111] Formulations were then stored in stoppered glass containers at refrigeration temperature (2 - 8eC). At various 
time intervals aliquots were sampled, filtered througli a 0.45|jim filter and analysed by higli performance liquid chroma- 
tography (H PLC). Filtered cyclosporine samples (ZOuL) dissolved in acetonitrile, water (1:1) were Injected onto a Waters 
s Spherisorb Sfxm, 4.6mm X 250mm column (Waters Instruments, UK) maintained at SO'C with a Jones Chromatography 
Column Heater model 7971 by means of a Waters 71 7 autosampler and a Waters 5 1 5 isocratic pump. The mobile phase 
was acetonitrile: water: tert-bulylmethyl-ether: phosphoric acid (600:350:50:1) at a flow rate of 1.2mL min-i. Peak de- 
tection was via a Waters 486 variable wavelength UV detector with the wavelength set at 21 Onm and data was collected 
using a Waters 746 data module. A standard curve was prepared using solutions of the drug (1 - 1 0|ig mL ''). 



[0112] 



Time Point (days) 


QCPEI1 


Q1io 


0 


78.7 ± 8.1 


80.7 ± 17.7 


7 


84.6 ± 3.,1 


74.0 ± 8.1 


41 


93.7 ± 8.8 


81.9 + 3.6 


109 


91.0 ±6.3 


79.0 ± 0.6 


181 


84.4 ± 2.9 


82.0 ± 2.3 


281 


89.4 ±0.42 


79.0 ± 1.4 



[01 13] Over a 9 month period the level of cyclosporine recovered from amphiphllic PEI formulations Q1 .,0 and QCPEI1 
did not differ appreciably from the original levels, indicating that these f omiulatlons were stable when stored for 9 months 
at refrigeraHon temperatures. 



1 . A pharmaceutical composition of a poorly soluble drug and amphiphllic polyethylenlmine polymer, wherein the drug 
has an aqueous solubility of less than 0.1 mg per millilitre of solvent at a temperature of about 15-20°C, wherein 
the polymercontalns hydrophlllcsubstituents that comprise quaternary nitrogen groups and hydrophobicsubsUtuents 
as represented by the fomiula: 



45 




a is between 0 to 90%; 
P is between 0 to 100%; 
Yls between 0 to 50%; 
and a + p + Y= 100%; and 
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and further wherein: 

each Z group is independently hydrogen or a hydrophobic substituent, wherein the hydrophobic substituent is 
a linear or branched, substituted or unsubstituted or a cyciic group; and 
s Y is a hydrophilic substituent. 

2. A phannaceutical composition according to claim 1 , wherein: 

(a) the monomer units identified with a, ^ and Yfonn any an^gement in the poiyethylenimine polymen 
"> (b) the arrangement of the a, p and y units are random or in a blocl( copolymer fomn. 

3. A phamiaceutical composition according to claim 1 or claim 2, wherein the poiyethylenimine polymer is linear or 
branched. 

IS 4. A phannaceutical composition according to any one of preceding claims, wherein in the poiyethylenimine polymer 

(a) at least one of the Z groups is selected from: an all<yl group, an alkenyl group, and allcynyl group, an aryl 
group or an ac^i group; or 

(b) at least one of the Z groups is selected a Cj-CgQ group, a C^-C^g group, a C^-Ce group or a group; or 
so (c) at least one of the Z groups Is a C-f-C^ linear allcyl group. 

5. Aphamiaceuticai composition according to any one of the preceding claims, wherein in the poiyethylenimine polymer, 
Y represents -NHg, -NHA, -N+R1R2R3 or -N+RiRgA, and wherein each of R,, Rg, or Rg is independently a linear or 
branched, substituted or unsubstituted, or cycle group selected from: allcyl, alkenyl, alkynyl, aryl, acyl, hydroxy all^l, 

25 hydroxy acyl, polyethylene glycol or a sugar; and A is a C^-Cgo linear or branched, substituted or unsubstituted or 
cycle group. 

6. A phannaceutk»l composition according to claim 5, wherein in the poiyethylenimine polymer, there are between 1 
and 3 R^.^ substituents on any single nitrogen. 

30 

7. A pharmaceutical composition according to claim 5 or claim 6, wherein: 

(a) each of R^, Rg and Rg is independently a Ci-Cgo group, a CyCfz group, a CyC^ group or a C, group; or 

(b) each of R^, Rg and Rg is a C^-C^ linear alkyi group; or 
35 (c) each of R^, Rg and Rg is CHg. 

8. A phannaceutk»l composition according to claim 5, wherein in the poiyethylenimine polymer: 

(a) the A group is a linear or branched, substituted or unsubstituted, or cycio groups selected from a C^-Cgo, a 
^ CB-C24 group or a 0,2-0,6 group; or 

(b) the A group is a linear C^g-C^g alkyI group; or 

(c) the A group is CHg(CHg)i5. 

9. Apharmaceutical composition accordingto anyone of the preceding daims, wherein in the poiyethylenimine polymer, 
« the raHo of quaternary ammonium nitrogens to nitrogens of amino groups is selected from: 0.01% - 100%; 10% - 

90%; 30% - 70%; 40% - 60%; 50% - 90%; 60% - 80% or 40% - 90%. 

1 0. A phannaceutical composition according to any one of the preceding claims, wherein the poiyethylenimine polymer 
has an average molecular weight of about 1 0 - 25 kD. 

so 

1 1 . A pharmaceutical composition according to any one of the preceding claims, wherein the poiyethylenimine polymer 
produces hydrophobic domains. 

12. A phannaceutical composition according to claim 1 1 , wherein the level of hydrophobic modifteation is from about 
55 0.01 - 50%, about 0.1 - 20% or about 1 - 1 0% of amino groups. 

13. A pharmaceutical composition according to any preceding claim, wherein the poiyethylenimine polymer comprises 
monomark: subunits In accordance with the structure as defined in formula I shown below: 
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m is between 0 - 90 %; 
n is between 0 - 1 00 %; 
p is between 0 - 50 %; 
q is between 0 - 50 %; 
u is between 0 - 50 %; 
V is between 0 - 50 %; 
w is between 0 - 20 %; 
X is between 0 - 20 %; 
y is between 0 - 20 %; and 
z is between 0 - 20 %; 

wlierein, m + n + p + q + u + v + w + x + y + z = 100%. 

14. A pharmaceutical composition aocording to claim 13, wherein the monomer units m, n, p, q, u, v, w, x, y and z are 
an«nged in any order. 

15. A phaimaceutical composition according to claim 13or claim 14, any preceding claim wherein: 

when m = 0% then n Is not equal to 0%; 

when n = 0% then m is not equal to 0 %; 

when p = 0% then q + u + v + w + x + y + z does not equal 0%; 

when q = 0% then p + u + v + w + x + y + z does not equal 0%; 

when u = 0% then p + q + v + w + x + y + z does not equal 0%; 

when V = 0% then p + q + u + w + x + y + z does not equal 0%; 

when w = 0% then x + y + z + n does not equal 0%; 

when X = 0% then w + y + z + n does not equal 0%; 

when y = 0% then w + x + z + n does not equal 0%; 

when z a 0% then w + x + y + n does not equal zero. 



16. A phannaceuticai composition according to any one of claims 13 to 15, wherein: 

(a) m + n lies between 50 to 100%; and/or 
^ (b)p + q + u + v lies between 20to 50%; and/or 

(c) wherein w + x + y + z lies between 0.01 to 10%; and/or 

(d) p, q, u, V, w, X, y or z are equal to 0%; and/or 

(e) the sum total of p, q, u, v, w, x, y and z is equal to a value greater than 0% thereby fonning a branched 
compound; and/or 

40 (f)w, x,y or z are equal to 0%; and/or 

(g)m + n = 60%,w + x + y + z = e%,andp + q + u + v = 34%. 



17. A pharmaceutical composition comprising a polyethylenimine polymer according to any one of the preceding claims, 
further comprising a phamnaceutlcally acceptable carrier. 

45 

18. Aphannaceutical composition accoreling to claim 1 7, wherein the welghtto volume ratio (w.v.) of the polyethylenimine 
polymer to the pharmaceuticaily acceptable can-ler ranges from any of the following: 0.0001 - 100 w.v., 0.005 - 50 
W.V.; 0.001 -30 w.v.; 0.001 - 10 w.v.; or 0.01 - 1 w.v. 

so 19. A pharmaceutical composition according to claim 1 7 or daim 1 8 comprising a drug, wherein the drug Is selected 
from any of the following: cyclosporin; steroids such as prednisolone, oestradiol, testosterone; dmgs with multicyciic 
ring structures which lack poiar groups such as paclltaxel; and drugs such as etoposide. 

20. A phannaceuticai composition according to any one of claims 17 to 19, wherein the ratio of the polyethylenimine 
55 polymer to the drug is selected from any of the following: 0.001 -1 00%; 0.1-1 00%; 1 -1 00%; 1 0-90% or 30-70%. 

21 . A pharmaceutical composition according to any one of claims 1 7 to 20, wherein the ratio of polyethylenimine polymer 
to drug to phamiaceutically acceptable earner is selected from: 
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(a) about 5-20 mg : 0.5-5 mg : 0.5-5 mL; or 

(b) 5-20 mg : about 5-5 mg : 0.5-5 g; or 

(c) about 1 0 mg:2 mg: 1 mL; or 

(d) about 1 0 mg:2 mg: 2 g. 

22. A pharmaceutical composition according to claim 21, wherein the phamnaceutical composition is in the form of 
tablets, suppositories, liquid capsule powder forni or a form suitable for pulmonary delivery. 

23. A pharmaceutical composition according to any one of claims 1 7 to 22, wherein the drug is f omiulated for oral delivery 

24. Use of a polyethylenimine polymer as defined in any one of claims 1 to 16 for the preparation of a medicament 
wherein the polymer is fomnulated with a poorly soluble drug, wherein the drug has an aqueous solubility of less 
than 0.1 mg per millilitre of solvent at a tmperature of about 15-20°C. 

25. The use according to claim 24, wherein the poorly soluble drug is selected from any of the following: cyclosporin; 
steroids; drugs with multicyclic ting structures which lack polar groups; etoposide, 

26. Amethod of fomiing a polyethylenimine polymer defined accordlngto any one of claims 1 to 1 6, the method comprising 
reacting a polyethylenimine compound formed from the polymerisation of ethylenlmine with a first organo halide to 
forni an organo side chain on the polyethylenimine compound, and then reacting a second organo halide with an 
amino group on the polyethyleneimine polymer. 

27. A method according to claim 26, wherein the ethylenlmine is branched or linear. 

28. A method according to claim 26 or claim 27, wherein the first organo halide is any linear or branched, substituted 
or unsubsltuted, or cycle fonn of any alkyi, alkenyl, alkynyl, aryl or acyl halide or any hydrophilic halide. 

29. A method according to claim 28, wherein the first organo halide is: 

(a) a C1-C20 group, a CyC^2 9™"?- ^ ^i-^e group or a C, group; or 

(b) a linear C^gC^^ alky! halide; or 

(c) cetyl bromide. 

30. A method according to any one of claims 26 to 29, wherein the second organo halide is a linear or branched, 
substituted or unsubsltuted, or cycio form of an alkyi, alkenyl, alkynyl, aryl or acyl halide or a hydrophilk: halide. 

31. A method according to claim 30, wherein the second organo halide is: 

(a) a C.1-C20 group, a &,-C,2 group, a C^-C^ group or a C, group; or 

(b) a linear C^-Ce alkyi halide; or 

(c) methyl Iodide. 

32. A method according to any of claims 28 to 31 , wherein: 

(a) the polyethylenimine compound and first organo halide are mixed in an organic solvent, which is then rsfluxed 
in an alcoholic solution of sodium hydroxide, and cetyl polyethylenimine is then isolated and reacted with the 
second organo halide; or 

(b) the second organo halide Is added In the presence of a metal hydroxide, a metal halide and an alcohol. 



Phannazeutische Zusammensetzung eines schwach I6slichen Arzneistoffes und eines amphiphilen Polyethyleni- 
min-Polymeren, wobei der Arzneistoff eine wissrige Ldslichkeit von weniger als 0,1 mg pro Milliliter Ldsungsmittel 
be! einer Temperatur von etwa 15-20 "C aufweist, wobei das Polymere hydrophlle Substituenten, die quatemdre 
Stkikstofrgmppen umfassen, und hydrophobe Substituenten derfolgenden Formel enthdlt: 
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— NHCHjCHj— 




f 

-<NCH2CHa>— 




'l 

— NCHiCHa— 




o 


z 







a 0 bis 90 % betrSgt; 
w pObis100%betragt; 

Y0bis50%betragt; 

unda + p + Y= 100%; und 
wobei ferner: 

20 

die Gruppen Z Jewells unabhdnglg voneinander Wasserstoff Oder einen hydrophoben Substituenten bedeuten, 
wobel es sich beim hydrophoben Substituenten urn eine lineare Oder verzweigte, subslituierte Oder unsubstl- 
tulerte odercyclische Gruppe handelt; und 
Y einen hydrophllen Substituenten bedeutet. 

25 

2. Pharmazeutlsche Zusammensetzung nach Anspruch 1 , wobel 

(a) die mit a, p und ybezeichneten Monomereinheiten eine belleblge Anordnung Im Polyethylenlmin-Polynfieren 
bllden; 

30 (b) die Anordnung der a-, p- und Y-Einheiten statistisch oder In Blocltcopolynnerfomi ist 

3. Pharmazeutlsche Zusammensetzung nach Anspruch 1 oder 2, wobei das Polyethylenimin-Poiymere linear oder 
verzwelgt Ist, 

35 4. Phannazeutische Zusammensetzung nach einem der vorstehenden AnsprOche, wobei im Polyethylen-Polymeren: 

(a) mindestens eine derZ-Gruppen ausgewdhlt ist aus: einer Alkylgruppe, einer Alkenylgruppe und Alkinylgrup- 
pe, einer Atyigruppe oder einer Acylgruppe; oder 

(b) mindestens eine der Z-Gruppen ausgewihit ist aus einer C^-C^-Gruppe, einer C,-,,2-Gruppe, einer 
^ Ci-Ce-Gruppe Oder einer C^-Gruppe; oder 

(c) mindestens eine der Z-Gmppen eine lineare C1-C4-All(ylgruppe bedeutet. 

5. Phanmazeutische Zusammensetzung nach einem der vorstehenden AnsprOche, wobei Im Poiyethylenlmin-Poly- 
meren Y die Bedeutung -NH2, -NHA, -N+R1R2R3 oder -N+R1R2A hat und wobei jeder der Reste Ri, R2 oder R3 

^ unabh^nglg voneinander eine lineare oderverzwelgte, substltulerte oder unsubstltulerte oder Cyclogmppe bedeutet, 

ausgewShlt aus: AlkyI, Alkenyl, Alklnyl, Aryl, Acyl, HydroxyalkyI, Hydroxyacyl, Polyethylenglycol oder ein Zucker; 
und A eine lineare oderverzwelgte, substltulerte oder unsubstltulerte Ci-Cgg-Gruppe oder Cyclogruppe bedeutet 

6. Phannazeutische Zusammensetzung nach Anspruch 5, wobei im Polyethyienlmin-Polymeren sich 1 bis 3 R,|.3-Sub- 
so stituenten an einem beiiebigen einzeinen SUckstoffatom beflnden. 

7. Pharmazeutlsche Zusammensetzung nach Anspruch 5 oder 6, wobel: 

(a) jeder der Reste R^, Rg und R3 unabh^nglg voneinander eine C,-C2o-Gruppe, eine C,|-C|2-Gmppe, eine 
ss C^i-Cg-Gruppe oder eine C^-Gmppe bedeutet; oder 

(b) jeder der Reste R,, Rg und R3 eine lineare C,-G4-Aikylgruppe bedeutet; oder 

(c) jeder der Reste R^, und Rg die Bedeutung CHg hat. 
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8. Zusammensetzung nach Anspruch 5, wobei im Polyethylenimin-Polymeren: 

(a) die A-Gruppe eine lineare oder verzweigte, substituierte Oder unsubstituierte Gruppe Oder Cyclogruppen 
bedeutet, die aus C1-C30-, C8-C24- Oder Ci2-Cie'Q''^PP®" ausgewShlt sind; oder 
s (b) die A-Gruppe eine lineare Ci2-Ci6-AII<ylgruppe bedeutet; oder 

(c) die A-Gruppe CH3(CH2)i5 bedeutet. 

9. Pharmazeutische Zusammensetzung nach einem der vorstehenden AnsprQche, wobei im Polyethylenimin-Poly- 
meren das Verhaitnis der quaternfiren Ammonium-Stickstoffatome zu Stickstoffatomen von Aminogruppen ausge- 

10 wfthlt ist aus: 0,01 %-1 00%; 1 0%-90%; 30%-70%; 40%-60%; 50%-90%; 60%-80% oder 40%-90%. 

10. Pharmazeutische Zusammensetzung nach eInem der vorstehenden AnsprQche, wobei das Polyethylenimin-Poly- 
mere ein durchschn'rttliches Molekulargewicht von etwa 10 bis 25 kD aufweist. 

IS 11. Phannazeutische Zusammensetzung nach einem der vorstehenden AnsprQche, wobei das Polyethylenimin-Poly- 
mere hydrophobe DomSnen erzeugt. 

12. Pharmazeutische Zusammensetzung nach Anspruch 11, wobei der Grad der hydrophoben Modifikation etwa 
0,01-60%, etwa 0,1-20% Oder etwa 1-10% der Aminogruppen betrifft. 

20 

13. Phannazeutische Zusammensetzung nach einem der vorstehenden AnsprQche, wobei das Polyethylenimln-Poly- 
mere monomere Untarainheiten gemSB der Struktur in der nachstehend angegebenen Formal I unrfasst: 



50 
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wobei 

m 0 - 90 % ausmacht; 

nO-100%ausmacht; 
s p 0 - 50 % ausmacht; 

q 0 - 50 % ausmacht; 

u 0 - 50 % ausmacht; 

vO- 50% ausmacht; 

w 0 - 20 % ausmacht; 
10 X 0 - 20 % ausmacht; 

y 0 - 20 % ausmacht; und 

z 0 - 20 % ausmacht; 

wobei m + n + p + q + u + v + w + x + y + z= 100% 

IS 

14. Phamiazeutlsche Zusammensetzung nach Anspruch 13, wobei die Monomerelnheiten m, n, p, q, u, v, w, x, y und 
z In einer belleblgen Relhenfolge angeordnet sind. 

15. Phamiazeutlsche Zusammensetzung nach Anspruch 13 oder 14, wobei: 

so 

wenn m = 0 % gilt, n nicht gleich 0 % 1st; 

wenn n = 0 % gilt, m nicht gleich 0 % ist; 

wenn p = 0 % gilt, q + u + v + w + x + y + z nicht gleich 0 % sind; 

wenn q = 0 % gilt, p + u + v + w + x + y + z nicht gleich 0 % sind; 
25 wenn u = 0 % gilt, p + q + v + w + x + y + z nicht gleich 0 % sind; 

wenn v = 0 % gilt, p + q + u + w + x + y + z nicht gleich 0 % sind; 

wenn w = 0 % gilt, x + y + z + n nicht gleich 0 % sind; 

wenn x = 0 % gilt, w + y + z + n nicht gleich 0 % sind; 

wenn y = 0 % gilt, w + x + z + n nicht gleich 0 % sind; 
30 wenn z = 0 % gilt, w + x + y + n nicht gleich 0 % sind. 

1 6. Phamiazeutlsche Zusammensetzung nach einem der Ansprllche 1 3 bis 1 5, wobei 

(a) m + n 50 bis 1 00 % betragen; und/oder 
3S (b) p + q -I- u + V 20 bis SO % betragen; und/oder 

(c) wobei w + X + y + z 0,01 bisl 0 % betragen; und/oder 

(d) p, q, u, V, w, X, y oder z 0 % betragen; und/oder 

(e) die Summe aus p, q, u, v, w, x, y und z einen Wert ergeben, der grfiBer als 0 % Ist, wodurch eine verzwelgte 
Verblndung gebildet wird; und/oder 

« (0 w, X, y Oder z 0 % ergeben; und/oder 

(g) m + n = 60%, w + x+y + z = e%undp + q + u+ v = 34%. 

17. Pharmazeutlsche Zusammensetzung, umfassend ein Polyethylenlmln-Polymeres nach einem der vorstehenden 
AnsprQche, ferner umfassend einen pharmazeutlsch vertrSgllchen TrSgar. 

45 

18. Pharmazeutlsche Zusammensetzung nach Anspruch 17, wobei das VerhMnIs von Gewicht/Volumen (w.v.) des 
Polyelhylenlmin-Polymeren zum phamfiazeutlsch vertrSgllchen TrSger In einem der folgenden Berelche llegt: 
0,0001-100 W.V., 0,005-50 W.V., 0,001-30 W.V., 0,001-10 w.v. oder 0,01-1 w.v. 

so 19. Phannazeutlsche Zusammensetzung nach Anspruch 1 7 oder 1 8, umfassend einen Arznelstoff , wobei der Arznelstoff 
in beileblger Weise aus der folgenden Gruppe ausgewShIt ist: Cyclosporin; Steroids, wis Prednlsolon, dstradioi, 
Testosteron; Arznelstoffe mit multlcyclischen RIngstrukturen, bei denen poiare Gruppen fehlen, wie Paciltaxel; und 
Arzneistoffe, wIe Etoposid. 

55 20. Pharmazeutlsche Zusammensetzung nach einem der Anspruche 1 7 bis 1 9. wobei das VerhSitnls des Polyethyieni- 
mln-Polymeren zum Arznelstoff In bellebiger Weise aus einem der folgenden Berelche ausgewdhlt 1st: 0,001 -1 00%; 
0,1-100%, 1-100%; 10-90% Oder 30-70%. 
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21. Pharnnazeutische Zusammensetzung nach einem der Ansprilche 17 bis 20, wobei das Verhaitnis vom Polyethy- 
lenimin-Polymeren zum Arzneistoff und dem pharmazeutisch vertraglichen TrSger ausgewShlt ist aus: 

(a) etwa 5-20 mg : 0,05-5 mg : 0,5-5 ml; oder 

(b) 5-20 mg : etwa 5-5 mg : 0,5-5 g; oder 

(c) etwa 1 0 mg : 2 mg : 1 ml; oder 

(d) etwa10mg:2mg:2g. 

22. Pharmazeutische Zusammensetzung nach Anspruch 21 , wobei die pharmazeutische Zusammensetzung in Fonn 
von Tabletten, Suppositorien, flQssiglceitsgefClllten Kapsein, in PuK/erform oder in einer Form, die fQr die pulmonale 
Abgabe geeignet ist, vorliegt. 

23. Pharmazeutische Zusammensetzung nach einem der Ansprilche 17 bis 22, wobei der Arzneistoff fOr die orale 
Abgabe zubereitet ist. 

24. Verwendung eines Polyethylenimln-Poiymeren gemdB einem der AnsprQche 1 bis 1 6 zur Herstellung eines Arznei- 
mittels, wobei das Polymere mit einem schwach I6slichen Arzneistoff zubereitet wird, wobei der Arzneistoff eine 
wSssrige LSsllchkeit von weniger als 0,1 mg pro Milliliter Lfisungsmittel bel einer Temperatur von etwa 15-20 "C 
aufwelst. 

25. Verwendung nach Anspruch 24, wobei der schwach I6sliche Arzneistoff aus einem beliebigen derfoigenden Aiznel- 
stoffe ausgew^hlt wird: Cyclosporin; Steroide; Arzneistoffe mit muiticyciischen Ringstmi<turan, bel denen poiare 
Gruppenfehien; Etoposid. 

26. Verfahren zurBlldung eines Polyethylenimln-Poiymeren gemaB einem der Ansprilche 1 bis 16, wobei das Verfahren 
folgendes umfasst: Umsetzung einer Polyethylenimin-Vetbindung, die durch Polymerisation von Ethylenimin mit 
einem ersten Organohaiogenid unter Bildung einer Organoseitenkette an der Polyethyienimin-Verbindung gebildet 
worden ist, und anschlieBende Umsetzung eines zweiten Organohaiogenids mtt einer Aminogmppe am Poiyethy- 
lenimln-Poiymeren. 

27. Verfahren nach Anspruch 26, wobei das Ethylenimin verzweigt oder linear Ist. 

28. Verfahren nach Anspruch 26 oder 27, wobei es sich beim ersten Organohaiogenid urn ein belleblges lineares oder 
verzweigtas, substttulertes oder unsubstituiertes oder cycllsches Alky!-, Alkenyl-, Aikinyl-, Aryl- oder Acylhalogenid 
Oder um ein bellebiges hydrophiles Haiogenid handelt. 

29. Verfahren nach Anspruch 28, wobei es sich beim ersten Organohaiogenid um: 

(a) eine C^-Cso-Gmppe, eine C.|-C.,2-Gmppe, eine C^-Ce-Gmppe oder eine C^-Gruppe; oder 

(b) ein lineares Ci2-Ci6-Alkylhalogenid; oder 

(c) Cetyibromid handelt. 

30. Verfahren nach einem der AnsprQche 26 bis 29, wobei es sich beim zweiten Organohaiogenid um eine lineares 
Oder verzwetgtes, substltuiertes oder unsubstituiertes oder cycllsches Alkyl-, Alkenyl-, AIMnyi-, Aryl- oder Acylha- 
logenid Oder um ein hydrophiles Haiogenid handelt. 

31. Verfahren nach Anspruch 30, wobei es sich beim zweiten Organohaiogenid um 

(a) eine Cj-Cgo-Gruppe, eine Ci-C^2'Q'^PP^> ^■'^^ C^-Cg-Gmppe oder eine C.|-Gruppe; oder 

(b) ein lineares C^-Cg-Alkylhaiogenid; oder 

(c) Methyljodid handelt. 

32. Verfahren nach einem der AnsprQche 28 bis 31 , wobei: 

(a) die Polyethylenimin-Verbindung und das erste Organohaiogenid In einem organischen L6sungsmittel ver- 
mischtwerden, das anschlieBend In einer alkohollschen L&sung von Natrlumhydroxid unter RQckfluss env&rmt 
wird, wobei anschlieBend das Cetylpolyethylenimin isoliert und mit dem zweiten OrganohalogenM umgesetzt 
wird; oder 
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(b)daszweite Organohalogenid in Gegenwarteines Metallhydroxids, eines Metallhalogenids und eines Alkohols 
zugesetztwird. 



1. Composition pharmaceutique d'un medicament m^diocrement soluble et d'un polym^re de polydthylfeneimine am- 
phiphlle, dans laqueile le medicament prSsente une solubility aqueuse inferleure d 0,1 mg par millilitre de soivant 
k une temperature d'environ 1 S-ZO'C, dans iaquelle ie polymere contient des substituants hydroptiiies qui compren- 
nent des groupes d'azote quaternaire et des substituants hydropliobes comme represents par ia fomnuie : 



--NHCHjCHj 



.. NCHjCHj 
Z 



L 

— • NCHjCHz 
(HjOj — Y 



dans Iaquelle 

a est comprls entre 0 et 90 % ; 
p est comprls entre 0 et 1 00 % ; 
y est compris entre 0 et 50 % ; 
eta + p + Y= 100%;et 
et de plus dans Iaquelle : 

diaque groupe Z est independamment un atome d'hydrogene ou un substituant hydrophobe, dans Iaquelle le 
substituarrt hydrophobe est un groupe lineaire ou ramifie, substitue ou non substitue ou un groupe cyclique ; et 
Y est un substituant hydrophile. 

2. Composition phamiaceulique selon la revendlcation 1 , dans laqueile : 

(a) les unites monomeres identlfiees avec a, p et Yfonnent un arrangement quelconque dans le poiymdre de 
polyethyieneimine ; 

(b) {'anangement des o, p et y unites est aieatoire ou dans une fomne de copolymere sequence. 

3. Composition pharmaceutique selon la revendlcation 1 ou la revendication 2, dans laqueile le polynfidre de polye- 
thyieneimlne est lineaire ou ramifie. 

4. Composition pharmaceutique selon Tune quelconque des revendications precedentes, dans laqueile dans le poly- 
mdre de polyethyldneimlne : 

(a) au molns un des groupes Z est choisi parmi : 

un groupe alkyle, un groupe alcenyle, un groupe alcynyle, un groupe aryle ou un groupe acyle ; ou 

(b) au molns un des groupes Z est choisi pamrii un groupe en C1-C20, un groupe en CvCi2< groupe en C^-Cg 
ou un groupe en C^ ; ou 

(c) au molns un des groupes Z est un groupe ali<yle lineaire en CyC^. 

5. Composition pharmaceutique selon I'une quelconque des revendications precedentes, dans laqueile dans le poly- 
mere de polyethyl6nelmlne, Y represente -NH2, -NHA, -N+R1R2R3 ou -N+RiRjA, et dans laqueile chacun des R^, 
R2 ou R3 est independamment un groupe lineaire ou ramifie, substitue ou non substitue, ou un groupe cydo choisi 
pannni : un groupe aikyie, alcenyle, alQmyle, aryle, acyle, hydroxyalkyle, hydroxyacyle, polyethyieneglycol ou un 
Sucre ; et A est un groupe lineaire ou ramifie, substitue ou non substitue ou un groupe cycle en CyCg^ 
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6. Composition pharmaceutique selon la revendication 5, dans laquelle dans ie polym&re de poiy^thyl^neimine, il y a 
entre 1 et 3 substitutants sur tout azote unique. 

7. Composition phamnaceutique selon la revendication 5 ou la revendication 6, dans laquelle : 

(a) chacun pamii R^, et R3 est indSpendamment un groupe en C^-Cjq, un groupe en C^-C^2> Qtoupe en 
C^-Cg ou un groupe en C^ ; ou 

(b) chacun pamii R^, Rg et R3 est un groupe alkyle lln^aire en C1-C4 ; ou 

(c) chacun pamrii R^, Rg et R3 est CH3. 

8. Composition phamiaceutique selon la revendication 5, dans laquelle dans Ie polym^re de polydthyl6neimine : 

(a) Ie groupe A est un groupe lln^aire ou ramifid, substitu^ ou non substitu^ ou un groupe cycio choisi panni 
un groupe en C^-Cqq, un groupe en C3-C24 °" groupe en C^j'^ie > °u 

(b) Ie groupe A est un groupe alkyle en C^z'^ie lin^alre ; ou 

(c) Ie groupe A est CH3(GH2)i5. 

9. Composition phannaceutique selon I'une queiconque des revendteations prdcddentes, dans laquelle dans Ie poly- 
mdre de poly^thylfeneimine, Ie rapport des azotes d'ammonium quatemaire aux azotes des groupes amino est choisi 
pamii : 0,01 % - 1 00 %, 1 0 % - 90 % ; 30 % - 70 % ; 40 % - 60 % ; 50 - 90 % ; 60 % - BO % ou 40 % - 90 %. 

10. Composition phannaceutique selon I'une queksonque des revendications pr^cddentes, dans laquelle Ie polymdre 
de polydthyldnelmine prteente une masse molteulaire moyenne d'environ 10-25 kD. 

11. Composition phannaceutique selon I'une queiconque des revendteations pr^cddentes, dans laquelle Ie poiymftre 
de polydthyldnelmine produit des domaines hydrophobes. 

12. Composition phannaceutique selon la revendksation 11, dans laquelle Ie niveau de modifteation hydrophobe est 
d'environ 0,01 - 50 %, d'environ 0,1 -20 % ou d'environ 1 - 1 0 % de groupes amino. 

13. Composition phamnaceutique selon I'une queiconque des revendk»tions pr^c^dentes, dans laquelle Ie polym^re 
de poly6thyl6neimine comprend des sous-unit^ monom^res selon la structure comme ddflnl dans la fonnule (I) 
reprisentde ci-dessus : 
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dans laquelle 

m est compris entre 0 et 90 % ; 

n est compris entre 0 et 1 00 % ; 
s p est compris entre 0 et 50 % ; 

q est compris entre 0 et 50 % ; 

u est compris entre 0 et 50 % ; 

V est compris entre 0 et 50 % ; 

w est compris entre 0 et 20 % ; 
TO X est compris entre Oet 20%; 

y est compris entre 0 et 20 % ; et 

z est compris entre 0 et 20 % ; 

dans laquelle m + n + p + q + u + v+w + x + y + z = 100%. 

w 14. Composition pfiamiaceutique selon la revendication 13, dans laquelle les unites monomferes m, n, p, q, u, v, w, x, 
y et z sont dispos6es dans un ordre quelconque. 

15. Composition pharmaceutique selon la revendication 13 ou la revendication 14, une revendication precddente quel- 
conque, dans laquelle : 

20 

lorsque m est 6gal k 0 % alors n n'est pas Sgal ^ 0 % ; 

lorsque n est 6gal k 0 % alors m n'est pas &ga\ kO%; 

lorsque p est ^gal k 0 % alors q + u + v + w + x + y + z n'est pas egal kO%; 

lorsque q est 6gal & 0 % alors p + u + v + w + x + y + z n'est pas 6gal & 0 % ; 
25 lorsque u est 6ga\ kO% alors p + q + v + w + x + y + z n'est pas §gal & 0 % ; 

lorsque v est 4gal kO% alors p + q + u + w + x + y + z n'est pas igal kO%; 

lorsque w est 6gal kO% alors x + y -i- z -i- n n'est pas 4gal k 0%; 

lorsque x est 6ge\ k 0 % alors w + y + z + n n'est pas 6gal k 0%; 

lorsque y est 6gai k 0 % alors w + x -i- z + n n'est pas egal k 0%; 
30 lorsque zest dgaldO%alorsw + x + y-i-nn'estpa86gal&0%; 

16. Composition phamiaceutique selon I'une quelconque des revendlcations 13 k IS, dans laquelle : 

(a) m + n est compris entre 50 et 1 00 % ; et/ou 
35 (b) p + q + u + v est compris entre 20 et 50 % ; et/ou 

(c) dans laquelle w + x + y + zest compris entre 0,01 et 1 0 % ; et/ou 

(d) p, q, u, V, w, X, y ou z sont 6gaux kO%; et/ou 

(e) la somme totale de p, q, u, v, w, x, y et z est 6gale k une valeur supdrieure kO% formant par I& un compost 
ramifi^ ; et/ou 

^ (f)w,x, you Z8ont6gaux&0%; et/ou 

(g) m + n = 60 %, w + X + y + z = 6 %, et p + q + u + v = 34 %. 

17. Composition phamiaceutique comprenant un polymere de poly6thyl6neimine selon I'une quelconque des revendl- 
cations prte^dentes, comprenant de plus un support phannaceutiquement acceptable. 

45 

18. Composition phamiaceutique selon la revendication 17, dans laquelle le rapport masse 2i volume (m.v.) dupolymdre 
de poly6ttiyl6neimine au support phannaceutiquement acceptable est compris dans I'un des inten/alles suivanis : 
0,0001 - 100 m.v., 0,005 - 50 m.v. ; 0,001 - 30 m.v. ; 0,001 - 10 m.v. ; ou 0,01 - 1 m.v. 

50 19. Composition phamiaceutique selon la revendication 17 ou la revendication 18 comprenant un medicament, dans 
laquelle le medicament est choisi parmi I'un quelconque des suivants : la cyclosporine ; des st^roTdes, tels que la 
prednisolone, I'oestradlol, la testosterone ; des medicaments avec des structures de noyaux multlcydiques qui 
manquent de groupes polalres, tels que le paclltaxel ; et des medicaments tels que I'etoposide. 

S5 20. Composition phamiaceutique selon I'une quelconque des revendlcations 17^19, dans laquelle le rapport du po- 
lymere de polyethyieneimine au medicament est choisi pamni I'un quelconque des suivants : 0,001 - 100 % ; 0,1 - 
100 % ; 1 - 100 % ; 10-90 % ou 30-70%. 
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21. Composition pharmaceutique selon I'une quelconque des revendications 17 & 20, dans laquelle le rapport du po- 
lymSre de poly6thyl§nelmine au medicament au support pharmaceutiquement acceptable est choisi parmi : 

(a) environ 5 - 20 mg : 0,05 - 5 mg : 0,5 - 5 ml ; ou 

(b) 5 - 20 mg : environ 5 - 5 mg : 0,5 - 5 g ; ou 

(c) environ 1 0 mg : 2 mg : 1 ml ; ou 

(d) environ 10 mg : 2 mg : 2 g. 

22. Composition pharmaceutique selon la revendication 21 , dans laquelle la composition pharmaceutique est dans la 
forme de comprimds, de suppositoires, dans une fomrie de poudre en capsule liquide ou dans une fbnne appropride 
pour une administration pulmonalre. 

23. Composition pharmaceutique selon I'une quelconque des revendications 1 7 & 22, dans laquelle le medicament est 
fomiulS pour une administration orale. 

24. Utilisation d'un polym^re de poiy^thyl^neimine selon I'une quelconque des revendications 1^16 pour la preparation 
d'un medicament dans lequel le polym^re est forniuie avec un medicament mediocrement soluble, dans laquelle 
le medicament presente une solubilite aqueuse inferieure ^0,1 mg par millilltre de solvent k une temperature 
d'environ 15-20°C. 

25. Utilisation selon la revendication 24, dans laquelle le medicament mediocrement soluble est choisi parmi I'un quel- 
conque des suivants : la cyclosporine ; des stdroTdes ; des medicaments avec des structures de noyaux multicycli- 
ques qui manquent de groupes polaires ; I'dtoposide. 

26. Proc6d6 de fomnation d'un polymfere de poiyethylfeneimine defini selon I'une quelconque des revendications 1 & 1 6, 
le precede comprenant la reaction d'un compose de polyethyleneimine fonne k partir de la polymerisation d'ethy- 
leneimlne avec un premier organohalogenure pour fonner une chatne laterale organo sur le compose de polyethy- 
leneimine et la reaction subsequente d'un second organohalogenure avec un groupe amino sur le polymdre de 
polyethyleneimine. 

27. Precede selon la revendic^ion 26, dans lequel I'ethyieneimine est ramifiee ou lineaire. 

28. Procede selon la revendication 26 ou la revendication 27, dans lequel le premier organohalogenure est une fomie 
lineaire ou ramifiee, substituee ou non substituee ou cycle d'un halogenure quelconque d'un halogenure d'alkyle, 
d'alcenyle, d'alcynyle, d'aryle ou d'acyle quelconque ou d'un halogenure hydrophile quelconque. 

29. Precede selon la revendication 28, dans lequel le premier organohalogenure est : 

(a) un groupe en CyCzo, un groupe en C^-C^g, un groupe en C^-Cs ou un groupe en ; ou 

(b) un halogenure d'alkyle en C^g'^ie lineaire ; ou 

(c) le bromure de ceiyle. 

30. Precede selon I'une quelconque des revendications 26 k 29, dans lequel le second organohalogenure est une forme 
lineaire ou ramifiee, substituee ou non substituee, ou cycle d'un halogenure d'alkyle, d'alcenyle, d'abynyte, d'aryle 
ou d'acyle ou d'un halogenure hydrophile. 

31. Precede selon la revendication 30, dans lequel le second organohalogenure est : 

(a) un groupe en C^-Cgo, un groupe en C^-C^2> groupe en C^-Cg ou un groupe en ; ou 

(b) un halogenure d'alkyle en C.,-Ce lineaire ; ou 

(c) I'iodure de meUiyle. 

32. Precede selon I'une quelconque des revendications 28 ^ 31 , dans lequel : 

(a) le compose de polyethyleneimine et le premier organohalogenure sont melanges dans un solvent organique, 
lequel est ensuite mis sous reflux dans une solution alcoelique d'hydroxyde de sodium, et la cetylpolyethyie- 
neimine est ensuite isoiee et r6aglt avec le second organohalogenure ; ou 

(b) le second organohalogenure est ajoute en presence d'un hydroxyde de metal, d'un halogenure de metal et 
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d'un alcool. 
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